Southern flying squirrels (Glaucomys volans) are seasonally gregarious and rely on the thermoregulatory benefits of well-constructed nests and presence of nest mates to survive harsh winter conditions. Prior work has shown that kinship components are important to how winter aggregations form in captivity and that relatedness between individuals is higher than expected in undisturbed populations examined in the field. Over the course of 2 falls, 2006 and 2007, we created related and unrelated groups in a laboratory colony at Wake Forest University. We presented each group type with related and unrelated individuals as intruders. Once formed, aggregations persisted when presented with an intruder squirrel. Squirrels from existing aggregations were found in the same nest box 98% of the time. Factors of relatedness and familiarity were crucial in determining whether the intruder was accepted into an existing aggregation or nested alone. We found that related groups were more tolerant of truly novel (unrelated unfamiliar) intruders and more likely to incorporate them into the aggregation than were unrelated groups. Unrelated groups never accepted unrelated unfamiliar intruders in 2006, whereas some were accepted in 2007 due to increased colony-wide familiarity. Acceptance of intruders was dependent on relatedness. Intruders were more likely to be found in an aggregation when either the existing group was composed of kin or the intruder was related to at least one group member. We also found effects of familiarity of individuals on the choice of nest mates.
In territorial and asocial animals the reaction to a novel conspecific intruder often will be an aggressive display or outright attack. In some species if an intruder is related or familiar these agonistic displays can be more muted or absent. Absence of aggression is particularly prevalent when a benefit exists to having the relative around or tolerating the proximity of a known neighbor (Lode 2008; Lovell and Lein 2005; Metheny et al. 2008; Ralls 1971; Randall et al. 2002; Sherman 1981) . Such benefits can include a reduction of energy spent on aggression; increased access to food, shelter, or mates; decreased predation risk; or a combination of these (Alexander 1974; Dickinson and Koenig 2003; Lacey 2004) . Kinship often plays a role in the selection of neighbors and group members in vertebrates (Krakauer 2005 ; S. M. Segelbacher et al. 2007 ). In squirrels cooperation, alarm calling, and thermoregulation all can be kin mediated, and squirrel species that consistently live in groups tend to have a kinship component to those groups (Blumstein and Armitage 1999; Sherman 1977 Sherman , 1981 Thorington 2008; Thorington et al. 2010) . Recognition of individuals, observable as differential treatment based on relatedness category, has been seen in many vertebrates and can facilitate group structure (Bull et al. 2001; Cheney and Seyfarth 1999; Holmes and Sherman 1982; Mateo 2003; Mateo and Johnston 2000) . Group living also can have negative implications, because the presence of many individuals in the immediate area can attract predators and concentrate parasite loads (Alexander 1974; Dickinson and Koenig 2003; Lacey 2004; Sinervo and Clobert 2003) . In bats and squirrels communal roosting or denning is often beneficial due to social thermoregulation. Other factors are involved in the persistence of sociality in some species, because group living occurs in tropical species and at warm times of year (Blumstein and Armitage 1999; Kerth 2008b; Layne and Raymond 1994) .
Nesting resources, copious stored food, and nest mates are crucial to southern flying squirrels (Glaucomys volans) for winter survival. The costs of group living, including nest mates pilfering individual food stores, are in part compensated for by the thermoregulatory advantages of communal nesting (Dolan and Carter 1977; Merritt et al. 2001; Muul 1968; Stapp 1992; Tompkins 2003) . In addition to thermoregulation, winter aggregations appear to have a kin-based core, allowing inclusive fitness to play a role in group structure (Layne and Raymond 1994; Thorington 2008; Thorington et al. 2010 ; Thorington and Weigl 2011) . In adult-only nest groups behavior in the spring is less kin mediated, although Winterrowd et al. (2005) also found that mixed-age and family nest groups were highly related. When storing food, squirrels concentrate their own resources around their nests. If an individual dies, its nest mates can find and eat food the dead individual stored. When nest mates are kin and survive to breed, the fitness of both the deceased and surviving animals therefore would increase. In captivity aggregation formation in the fall is mediated by kinship and prior experience with other squirrels (Thorington 2008; Thorington and Weigl 2011) .
Although southern flying squirrels are not territorial, in captivity they will engage in highly aggressive encounters with unknown conspecifics (Muul 1968) . When an unknown, presumably unrelated, squirrel approaches an existing aggregation, it initially is sniffed then greeted by 1 or more individuals with a stereotypic agonistic display involving foot stomping and physical interaction. If the intruder does not back down and run for a refuge, it repeats this interaction with all group members until either it does back down and leave, is killed, or is accepted into the group (Muul 1968) .
How mammal social groups form can have significant effects on their group stability and reproduction (Kerth 2008a) . Muul (1968) states that composition and numbers of winter groups of southern flying squirrels fluctuate with ambient air temperature. Throughout the range aggregation size and frequency increase with declining temperature and photoperiod (Gilmore and Gates 1985; Layne and Raymond 1994; Sawyer and Rose 1985; Stapp et al. 1991; Stone et al. 1996) . Little is known about the dynamics of winter aggregation groups once they have formed. In captivity kinship plays a substantial role in aggregation formation, and familiarity with individual animals is an additional factor (Thorington and Weigl 2011) . In the wild individuals have been found in the same aggregations in successive years (Garroway 2011; Layne and Raymond 1994) . We addressed the reactions of flying squirrel winter aggregations in captivity to intruders and showed that relatedness and familiarity are important factors to southern flying squirrels in determining choice of winter nest mates.
In this study we addressed whether established aggregations persist in the presence of an intruder; whether established aggregations accept intruders; and whether relatedness of the individuals in the initial aggregation or of the intruder to members of that aggregation affect the squirrels' behavior. Our predictions were based on the behavioral preferences for related and familiar nest mates observed when studying aggregation formation (Thorington and Weigl 2011) .
Given the hypothesis that kinship plays a primary role in aggregation structure and that familiarity plays a secondary role, we expected the following patterns. If a group of related squirrels has been living together and a related intruder is introduced to the home area, that intruder will be accepted readily over the course of a 3-day trial. If the intruder is unrelated to the group, it will be accepted less readily into the aggregation, or it might not aggregate at all; that is, it is rejected from the aggregation. Nonaggregation of the intruder animal is most likely when it is unrelated to the group.
If a group of unrelated squirrels has been living together and an intruder that is related to at least 1 squirrel in the group is introduced to the home area, the intruder squirrel will readily aggregate with its relative, either as part of the entire group's aggregation or as a secondary aggregation with that relative. The introduction of this related squirrel might cause multiple aggregations to form. If the intruder is unrelated to any of the squirrels in the cage, it will be accepted less readily into the group's aggregation and might not aggregate at all. Alternatively, intruder squirrels are more likely to be included in the aggregations of unrelated animals. In this case reduced differences and increased variance will characterize the acceptance of any intruder (related or unrelated) entering an unrelated group's aggregation compared to those entering a related group's aggregation.
MATERIALS AND METHODS
Study animals.-Four generations of known-relationship, captive-bred southern flying squirrels and individual wildcaught squirrels from North Carolina (36u119N, 80u189W) and Georgia (31u139N, 84u289W) were used in this study. All captive squirrels were housed in an outdoor facility at Wake Forest University (36u079N, 80u169W) under ambient conditions (Thorington 2008) . Squirrel housing consisted of 10.4-m 3 (2 3 2 3 2.6 m) welded-wire-mesh cages. Cage tops were covered by a slanted plastic roof, and the bottoms were raised off the facility's concrete floor to facilitate cleaning and prevent accumulation of water and ice. Wild-caught squirrels initially were housed in an indoor animal facility at Wake Forest University. The animal-room light cycle followed seasonal daylight patterns. Temperature was reasonably constant, with a range of 20-23uC. Wire-mesh cages in the indoor facility measured 0.28 m 3 (66 3 66 3 66 cm) and were housed on racks above the floor. Squirrels in both facilities were provided with plywood nest boxes measuring 15 cm wide by 15 cm deep and 26.25 cm high, with a 4.50-cmdiameter round entrance hole. Boxes easily can hold .15 squirrels at once. We used wooden boxes because their thermoregulatory properties were closest to those of the natural tree cavities used by wild squirrels (Merritt and Zegers 2002; Tompkins 2003) . Boxes were filled with shredded paper towel bedding before being placed in the cage. Squirrels were fed ad libitum with a combination of LabDiet 5P00 Prolab RMH 3000 rodent chow (PMI Nutrition International, LLC, Brentwood, Missouri) and hazelnuts.
We maintained a minimum of 1 nest box per 4 animals in each cage during nonbreeding and nonexperimental housing.
Nest boxes were removed from cages, emptied, and washed as needed. Experimental nest boxes were washed after each trial. See Thorington (2008) for additional care, handling, and breeding data. The care of these squirrels (captive and wildcaught) conformed to guidelines of the American Society of Mammalogists (Animal Care and Use Committee 1998; Gannon et al. 2007 ) and regulations of the Wake Forest University Animal Care and Use Committee (protocols A03-117 and A06-212).
Behavior in captivity.-In captivity southern flying squirrels aggregate in nest boxes during cold weather. Initially when squirrels are introduced into a neutral cage (i.e., a clean cage and clean nest boxes that the squirrels have not inhabited in the past month), they might not aggregate or they might form multiple aggregations segregated by individual relatedness and familiarity (prior exposure) with cage mates (Thorington 2008; Thorington and Weigl 2011) . In the winter without disturbance it is generally ,1 week before these groups merge into 1 aggregation. Therefore, if a group has inhabited the same cage or ''home area'' for a month, they will aggregate together during normal winter conditions. Under neutral cage conditions flying squirrels preferentially nest with related individuals rather than unrelated individuals and familiar individuals rather than unfamiliar squirrels (Thorington 2008; Thorington and Weigl 2011) Aggregation persistence and nest-box choice.-We performed the following paired-design experiment over the course of 2 time periods, October-December in 2006 and 2007. In both years the experimental period ran from 1 October to 3 December. Known-relationship captive squirrels were placed in 2 resident group types: those that were highly related (mean Hamilton's r 0.42-Hamilton 1964a) and those that were unrelated (mean r 0.02). Groups were allowed to form aggregations by living together in a standard housing cage for the month of October. Two intruder types were used as well: related (r 5 0.50 to at least 1 individual in the resident group) and unrelated (r 5 0 to all individuals in the resident group). Unrelated and related non-cage-mate intruder squirrels were introduced into each group's home cage for 3-day trials starting on 1 November each year. During trials reactions of the animals were observed on the 1st night for 60-90 min after sunset (X 5 75 min). Observers focused on recording aggressive versus nonaggressive interactions between squirrels within each cage. Aggressive interactions were behaviors such as chasing, biting, and foot stomping. Nonaggressive interactions including sniffing another squirrel or sitting in direct physical contact without biting or foot stomping. Squirrels were somewhat habituated to the presence of the observers, all of whom were involved with care and handling and were positively associated with food. Aggregation associations were recorded each morning. All related animals (group members and intruders) had encountered each other in prior housing and experimental conditions. The animals used as the unrelated intruders were wild caught at the J. W. Jones Ecological Research Center, Ichauway, Georgia, in May 2006, and from a residence in Winston-Salem, North Carolina, December 2006-February 2007. The Georgia animals were housed in the indoor facility until 28 October 2006, when they were moved outside to acclimate for a week prior to use in these trials. The outdoor cage used for these unrelated intruders was visually baffled from the rest of the outdoor colony throughout the 2006 experimental season. All unrelated intruder animals lived in the colony separately from the known-relationship animals during the year between experimental seasons. This made the Georgia squirrels used as intruders a truly novel stimulus for the group squirrels in 2006 but simply operationally not familiar in 2007. Because the colony was physically small, some familiarity between animals was unavoidable. We therefore used an operational definition of familiarity to standardize our measurement of within-group exposure. Squirrels were considered familiar if they had lived together in the same cage with access to the same nest boxes for a minimum of 1 month prior to the start of an experiment (Thorington 2008; Thorington and Weigl 2011) .
In each year 8 unique groups, 4 unrelated groups of 4 squirrels each and 4 related groups of 4 squirrels each, were housed in their own cage throughout the acclimation and experimental periods. Related groups consisted of 4 animals with an r-value of 0.50 between most dyads (parents and litters-siblings; dyad range r 5 0.25-0.50), leading to an average group r between 0.42 and 0.50 (Hamilton 1964a (Hamilton , 1964b . Unrelated groups also consisted of 4 animals with a maximum pedigree r of 0.125 between dyads and a mean group r between 0 and 0.02. Using this dichotomy of relatedness allowed us to control for the inherent role of familiarity within groups and separate the role of relatedness from the role of familiarity. In 2006, 32 animals were in the groups and 12 animals were intruders. In 2007, again 32 animals were in the groups, and 14 animals were intruders. Of these 14 intruder squirrels, 4 were the same animals acting as intruders in 2006. In 2007, 2 individual animals were placed in the same type of group as in 2006, but no animal shared a group member across years (Thorington 2008) . This resulted in a total of 16 unique groups (8 related and 8 unrelated, 4 from each year). All trials took place in the cages inhabited by the established group. During the acclimation month the 4 squirrels in each group had access to 2 nest boxes. At the start of the intruder trials all 16 groups were sleeping as single aggregations in 1 of their nest boxes each day. Four additional clean nest boxes were added to the cage at the same time as the intruder animal. Box positions in the cage were maintained throughout the trial. Each cage contained more nest boxes than squirrels, providing all squirrels with a refuge.
Related-group trials and unrelated-group trials were run simultaneously in adjoining cages to reduce temporal effects. Interactions between groups across the adjoining cage wall were brief and of minimal concern, because individuals (residents and intruders) never were placed in the trial cage of the paired group (Thorington and Weigl 2011) . Simultaneous related and unrelated groups were established such that sex and age ratios were the same. Related intruders were related at an r 5 0.50 level to at least 1 animal in an unrelated group and to multiple squirrels when introduced to a related group. Unrelated intruders were not related to any animals in either group type. Half the groups of each r-value type had related intruders introduced 1st, followed by unrelated intruders. Intruders were introduced in the inverse order to the other half of groups to mitigate order effects and reduce effects of increasing familiarity. After their 1st trial each group was given a minimum of 5 days before the 2nd intruder was introduced and the 2nd trial for that group commenced. Trials were run back to back so that sixteen 3-day trials could be conducted over the course of 4 weeks with 1-week flexibility for weatherrelated interruptions. Unrelated intruders were wild-caught animals introduced to the colony 1 week prior to the start of the November 2006 trial period. Related intruders were operationally unfamiliar known-relationship animals from the laboratory colony that had been housed in cages physically separated from the groups during the month of October each year.
Statistics.-Nest-mate choice by the intruders was compared to the availability of nest boxes occupied or unoccupied by group members for each trial type. We tested the null hypothesis of random box choice (an intruder nesting in any of the boxes regardless of occupancy) using a chi-square (x 2 ) test. The expected value was generated by calculating the percentage of box nights occupied by group squirrels (generally 1 or 2 boxes per trial per night) and unoccupied box nights per group type. For example, 18 box nights resulted from 6 boxes in the cage and 3 trial nights. If the group was in 1 box each night of the trial, the expected values would be generated from 3 occupied box nights and 15 unoccupied box nights or 17% box occupancy. If intruder nest-box choice was random, the intruder would be expected to nest in the same box as the group 17% of the time and alone 83% of the time if the group were aggregated all 3 nights. This expected value was compared to the observed number of times an intruder animal was found in a nest box occupied by the whole group, a group member, or nesting alone. Degrees of freedom for the chi-square test are based on the number of nest boxes occupied by squirrels in the resident group. All calculations were conducted on a Texas Instruments TI-30SLR+ calculator (Texas Instruments, Dallas, Texas) or in an Excel 2003 spreadsheet (Microsoft Corporation, Redmond, Washington).
RESULTS
General observations.-Depending on weather conditions, squirrels 1st emerged 10-20 min after sunset. During the postsunset observation periods the foraging and storing activities were almost continuous when the squirrels were outside of nest boxes. Aggressive interactions were observed infrequently in the experimental cages with the intruders present (X 6 SD 5 11 6 5 occurrences per 75 min). These interactions were generally short-lived (X 6 SD 5 5.0 6 7.2 s). Eight longer aggressive interaction bouts occurred across all 16 trials, lasting 10-250 s. These bouts involved much footstomping and attempted genital biting. Seven of these 8 long bouts were in cages with related groups, 3 with a related intruder present, and 4 with an unrelated intruder present. The long bout that occurred in an unrelated group's cage was during a trial with a related intruder. Nonaggressive interactions were more frequent than aggressive interactions (X 6 SD 5 37 6 20 occurrences per 75 min). Duration of these interactions was generally shorter than aggressive interactions (X 6 SD 5 1.3 6 1.4 s), with the maximum interaction lasting 23 s.
Group persistence.-Aggregations persisted in the presence of intruder animals (Fig. 1) . Related-group squirrels aggregated together 98% of squirrel nights (X 6 SD 5 0.96 6 0.08 in 2006; X 6 SD 51.00 6 0 in 2007). Similarly, unrelated-group squirrels aggregated together 98% of squirrel nights both years (X 6 SD 5 0.98 6 0.06 in 2006; X 6 SD 5 0.98 6 0.04 in 2007). Nonaggregation of group members was associated with unusually mild November temperatures. In the one trial where 2 individuals nested alone the high was 29uC and the low was 9uC. In the other instance of an aggregation member nesting alone the high was 20uC and the low was 13uC. Normal November mean high temperature for Forsyth County, North Carolina, ranges from 12uC to 18uC (State Climate Office of North Carolina, http://www.nc-climate.ncsu.edu).
Intruder interactions: behavior.-When an intruder joined an aggregation or formed a secondary aggregation with a group squirrel on the 1st or 2nd day of exposure, it was more likely to remain aggregated thereafter regardless of relatedness of the group or relatedness of the intruder to the group. Only once in 32 trials did an intruder squirrel nest alone after it had joined an aggregation or formed a secondary aggregation with some group members. This suggests that once an animal has been admitted to the group it will be tolerated until aggregations disperse in the spring. . Intruders nested with the aggregation roughly one-half the time (related intruder X 6 SD 5 0.50 6 0.47; unrelated intruder X 6 SD 5 0.54 6 0.47; Fig. 2 ). Intruders did not aggregate with the group at all in 6 of the 16 related-group trials; these nonaggregations were evenly split between related and unrelated intruders. In the 10 trials where squirrels nested with the group they joined the aggregation for all 3 nights in 6 trials (3 related intruders and 3 unrelated intruders), 2 nights in 3 trials (2 unrelated intruders and 1 related intruder), and 1 night in 1 trial (a related intruder).
Intruder interactions: unrelated groups.-Intruders' choice of nest mates shows a more complex pattern based on kinship and, over time, familiarity. In 2006, when presented to the unrelated groups, related intruders aggregated with the animal they were related to one-half the time (Fig. 3A) . They aggregated either with the group as a whole (X 6 SD 5 0.33 6 0.27) or formed a secondary aggregation (related individual X 6 SD 5 0.08 6 0.17; unrelated individual X 6 SD 5 0.17 6 0.33), deviating from random box choice (x 2 3 5 19.06, P , 0.001). They showed a marked preference for nesting with their relative, with or without other squirrels, rather than only a nonrelative. When aggregated, the intruder was with the relative 71% of the time. Unrelated intruders were always alone all nights of all trials in 2006 (equivalent to random box choice, x 2 2 5 2.52, P . 0.20; Fig. 3A) . In 2007 the unrelated groups were more tolerant of intruders overall and treated unrelated and related intruders similarly (joined aggregation, unrelated X 6 SD 5 0.75 6 0.17; related X 6 SD 5 0.58 6 0.17). Nest box choice occurred in a nonrandom fashion (related intruders x 2 3 5 26.62, P , 0.001; unrelated intruders x 2 2 5 34.79 P , 0.001; all intruders x 2 3 5 53.81, P , 0.001; Fig. 3B ). Secondary aggregations were present 1 night of 1 trial for each intruder type. The related intruder formed a secondary aggregation with its relative.
DISCUSSION
Winter aggregations did persist regardless of the relatedness of the animals involved. The effects of group and intruder relatedness on acceptance of intruders into these established aggregations are more complex. Related groups readily accepted related intruders as predicted but also accepted unrelated intruders, not rejecting them as expected. In the unrelated groups, when the intruder nested with another squirrel, related intruders were more likely to be found with their relatives. As predicted, either the 2 related animals were in the same aggregation as the whole established group (2006, 33% time; 2007, 58% time) or they formed a secondary aggregation (2006 and 2007, 8% time) . The alternative expectation was not supported; unrelated groups were less tolerant of unrelated unfamiliar animals. In 2006 the unrelated intruder squirrels were a truly novel stimulus to group squirrels and never aggregated with unrelated groups. The 2007 results suggest that an animal that has been in the same area for a year or more is treated more like a familiar animal or kin than a truly novel animal. This supports the findings of Garroway (2011) that, in the absence of related individuals, familiarity and neighbor recognition play a major role in the composition of aggregations in the wild. By the time animals have lived in close proximity for a year, not only are they familiar, but, given the opportunity, they have offspring in the local population.
The persistence of formed aggregations based on relatedness also is supported by the following observation. In December 2006 we moved an entire group (nest box and all) into a cage with a family group. The resident family group consisted of a female and her 2 fall-born young of the year (a male and a female). The group added into the cage consisted of 3 springborn young of the year, 2 sisters and a female unrelated to them or the resident family group. They were undisturbed, except for monthly checks through March 2007 when the unrelated female's mother was added to the cage. They persisted in living as 3 separate family groups through May when hot weather drove all squirrels to resting on the sides of the cage and in the hollow log during the day. These 7 animals were operationally familiar throughout the winter but did not appear to be acting on that familiarity. Temperatures during this period were mostly mild for winter in North Carolina. This suggests that, as seen using microsatellite markers, kinship is a driving force in nestmate choice (Thorington 2008; Thorington et al. 2010) . During aggregation formation initially unrelated unfamiliar animals were excluded from aggregations, and after a full year of remote exposure, living in neighboring cages in a captive colony, these animals often would be admitted to an aggregation on the 2nd or 3rd night of a trial. Unfamiliar kin were much more readily accepted into these initial aggregations starting with the initial exposure (Thorington and Weigl 2011) . In good conditions (adequate food and relatively mild winter weather) kinship is an important factor that can trump factors of familiarity in winter aggregations of southern flying squirrels and be augmented by familiarity.
The longevity and fluidity of winter aggregations is not well documented and can depend on age and temperature and kinship and familiarity (Thorington and Weigl 2011) . In 5 years of nestbox checks in Florida both relatedness and familiarity of nest mates were determining factors of animal associations within aggregations (Layne and Raymond 1994) . According to Garroway (2011) , associations across seasons observed in Ontario were not kin based. However, background levels of kin availability were not measured directly or calibrated with known-relationship animals, and the rate of population turnover close to the northern range boundary was extremely fast, occurring in 613 days (Garroway 2011) . In colder weather aggregations are larger (Muul 1968; Sawyer and Rose 1985) . In at least 1 instance Muul (1968) observed a large aggregation dispersing as several smaller aggregations in alternative nests on warmer days. In the Wake Forest University captive colony we saw similar fluctuations of aggregation behavior based on temperature. Yet in the spring when aggregations disband, in part due to new litters, mixed-age aggregations in the wild were composed of highly related individuals (Winterrowd et al. 2005) .
Southern flying squirrel populations are distributed in patches in the environment (Doby 1984 ; R. J. ). This is both a spatial and temporal phenomenon with implications for aggregation structure. Squirrels show knowledge of their home area and can navigate easily back to a nest from 1,000 m away (Bendel and Gates 1987; Sawyer and Rose 1985) . Given this homing ability and the demonstrated capacity to differentiate between classes of individuals, recognition of both related and unrelated neighbors is reasonable. Summer interactions, which increase familiarity between individuals, play a role in choice of unrelated nest mates for winter aggregations (Garroway 2011) and might facilitate outbreeding. Population dynamics are likely to be different in poorer habitats, either those at the edge of the range or at high elevations (Bowman et al. 2005; Doby 1984; Garroway et al. 2011 ; R. J. ). In these areas survival from year to year is reduced due to lack of food and harsher weather conditions; therefore the availability of relatives with which to nest could be reduced. The benefits of thermoregulation favor aggregation with less-related and less-known squirrels in these conditions (Garroway 2011) . How summer interactions between nonrelatives influence the composition of aggregations is unknown. Postnatal dispersal and dispersal patterns are not well documented but should be influenced by the kinship and familiarity patterns shown here.
Expansion and reduction in the range of G. volans is affected by annual climate and can be drastic, with reported northern boundary shifts of 200-240 km in a year (Bowman et al. 2005; Garroway et al. 2011 ). In addition, population dynamics at the northern edge of the range become complex, with harsh winter conditions changing the survival constraints. Evidence exists for interspecific nest sharing and hybridization with the northern flying squirrel (Glaucomys sabrinus- Garroway et al. 2010) , which would facilitate individual survival at a potential reproductive cost. Evolutionary and conservation ramifications exist for both species, especially where silvicultural practices reduce the availability of nest cavities Holloway and Malcolm 2007) . In North Carolina G. sabrinus coloratus is endangered and does not persist when G. volans moves in. Throughout the range overlap between Glaucomys species either the energetic costs of a harsh winter drive G. volans south and downslope, or the parasite Strongyloides robustus, which G. volans tolerates, eradicates G. sabrinus (Bowman et al. 2005; Weigl 1978; Weigl et al. 1999; Wetzel and Weigl 1994) . These factors can lead to a less kin-based structure of populations and aggregations at the edges of the range, in poor-quality or disrupted habitat.
The present study shows that in interactions between existing aggregations and potential intruder squirrels the aggregation persists. Factors of kinship and familiarity determine the potential for admission of the intruder to the aggregation. Relatedness also plays a prominent role in aggregation formation (Thorington and Weigl 2011) . Future work should focus on how population structure is mediated by interactions between individuals during summer months; aggregation formation in the wild; and aggregation breakup in the spring. Fission-fusion models of bat behavior could be informative, because southern flying squirrels, like bats in maternity colonies, show a seasonal pattern to their gregarious behavior. Belding's ground squirrels (Spermophilus beldingi) retained the capacity to recognize kin and learned odor cues through hibernation (Mateo and Johnston 2000) , suggesting odor as a recognition mechanism in squirrels. Given that both relatedness and familiarity are factors in winter nesting associations of captive southern flying squirrels and the related core in field-sampled nest groups in southern habitats (Layne and Raymond 1994; Thorington et al. 2010; Winterrowd et al. 2005) , several additional questions remain. How persistent are these groups within and between seasons? Is persistence of aggregations similar across the geographic range, considering the general temperature dependence of aggregation behavior? Do preferences for association based on kinship and familiarity continue across multiple winters?
